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Description 

This invention relates to monoclonal antibodies 
specific for an epitope on the leukocyte adhesion recep- 
tor p**chain which can be used to suppress intercellular 
leukocyte adhesion. 

Human immunodeficiency virus (HIV) is the etiotog- 
ic agent of acquired immunodeficiency syndrome 
(AIDS), a fata) disease characterized by profound im- 
munosuppression, opportunistic infections, and neu- 
ropathies. Although only a small fraction of circulating 
lymphocytes are infected with the virus, there is a 
marked loss of T cells bearing the virus receptor CD4. 
The depletion of CD4*-T ceils appears to contribute sig- 
nificantly to the immunosuppression associated with 
AIDS. Syncytium formation resulting from HIV-induced 
cell fusion has been shown to be the primary cytopathic 
effect of the virus in vitro and has been postulated to 
account for the loss of CD4+-T cells in vivo. CD A through 
its interaction with the HI V envelope glycoprotein gp1 20 
plays an importanl role in syncytium formation. 

Although the C04 receptor appears to play a signif- 
icant role in the etiology of AIDS, several observations 
suggest that molecules on the surface of uninfected 
celts other than CD4 are also involved in HIV-induced 
cell fusion. First, fusion of HIV-infected cells to uninfect- 
ed cells does not correlate with CD4-density on the sur- 
face of the uninfected cells. In addition, whereas trans- 
lection of non-lymphoid human cells with CD4 receptors 
renders such cells capable of fusion to HIV-infected 
cells, this is not I rue for CD4-transfected mouse cells. 
Finally, there is a disparity in the capacity of sera from 
AIDS patients to block binding of HIV particles to CD4*- 
celts and the capacity of the same sera to block fusion 
of HIV-infected cells to CD4 4 -uninfected cells. 

CD4 interacts directly wtlh class II major histocom- 
patibility complex (MHC) molecules in class II MHC-re- 
stricted T helper cell responses. The involvement of the 
leukocyte adhesion receptor (LAR) LFA-1, in such re- 
sponses has been demonstrated using anti-LFA-1 mon- 
oclonal antibodies (mAb). Structural similarities be- 
tween gp 120 and class II MHC suggested that the bind- 
ing of gp1 20 to CD4 may mimic the interaction between 
class II MHC molecules and CD4. By analogy, the role 
of LAR in HIV-mediated cell fusion was examined. In the 
present invention, a mAb against LFA-1 completely in- 
hibits HIV-mediated fusion of uninfected T cell blasts to 
HIV infected cells. This result indicates that LFA-1 is in- 
volved in HIV-induced syncytium formation, a major cy- 
topathic mechanism of the virus. 

The LFA-1 molecule, which is expressed on T and 
8 tymphocytes as well as on macrophages, thymocytes, 
granulocytes, and a subpopulation of bone marrow 
cells, is composed of two non-cova lenity associated 
polypeptides of 175,000 Kd (a; CD 11 a) and 95,000 Kd 
(p; CD18). The f>-chain of LFA-1 is also common to two 
other leukocyte antigens: Mac-1 (a-chain 165,000 Kd; 
CD11b); the type-three complement receptor; and 



LeuM5 (a-chain 150.000 Kd; CDIlc), a molecule pos- 
sibly associated with type-four complement receptor ac- 
tivity. Although the three a-sub units differ in size, there 
is evidence suggesting that all three subunits are en- 
s coded by a single gene or duplicated genes. cDNA en- 
coding the human p* -chain has been cloned and found 
to be 50% identical in primary structure to the p-chain 
of integrin, a chick fibroblast fibronectin receptor. These 
studies and others have shown that molecules of the 
LFA-1 glycoprotein family are members of the larger ar- 
ginine-gtycine-aspartate (RGD) adhesion family known 
as integrins. 

At present, methods of limited effectiveness exist 
for the treatment of AIDS or other disorders in which the 
intercellular interaction of lymphocytes helps to mediate 
the pathologic state Those drugs which are adminis- 
tered generally have severe contraindications associat- 
ed with their use. Consequently, a considerable need 
exists for a therapeutic agent which can inhibit lym- 
phocytic intercellular interaction in AIDS and other im- 
mune response mediated disorders. 

SUMMARY OF THE INVENTION 

One way 1o ameliorate immune response mediated 
disorders would be to suppress intercellular leukocyte 
adhesion using a monoclonal antibody which binds to a 
leukocyte adhesion receptor. In so doing, intercellular 
leukocyte binding is suppressed thereby decreasing the 
likelihood of cell-to-cell transmit ion of infectious agents 
and immune response activation. 

In order to provide a means to ameliorate immune 
response mediated disorders, the inventor has devel- 
oped monoclonal antibodies which bind to an epitope 
on the leukocyte adhesion receptor and suppresses the 
ability of leukocytes to adhere to each other. These mon- 
oclonal antibodies, if desired, can be therapeutically or 
diagnostically labelled. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 . Inhibition of syncytium formation by mAb. 
Figure 2. Dose dependent inhtottion of syncytium 

formation by H52 IgG. 
Figure 3. H52 blocks syncytia formation at the level 

of PHA-blasts not 8E5 cells. 
Figure 4. Inhibition of gp120 binding to CEM cells 
by mAb. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to monoclonal anti- 
bodies with specificity for leukocyte adhesion receptor 
B-chain secreted by hybridoma cell line ATCC HB 
10160. These monoclonal antibodies are highly useful 
for both the in vitro and in vivo immunological detection 
of antigens having these p-chains and for immunothera- 
py of cells bearing these receptors having these fi- 
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chains. 

In the invention a monoclonal antibody (H52) 
( ATCC HB 1 01 60) is disclosed which binds to an epitope 
on the leukocyte adhesion receptor p-chain. This spe- 
cificity enables H52. and like monoclonal antibodies with 
the specificity of H52, to be used to suppress intercellu- 
lar adhesion. As a consequence, H52 is uselul in amel- 
iorating immune response mediated disorders such as 
AIDS, autoimmune disease, and graft, including graft 
versus host, rejection. H52 is obtained from, or has the 
identifying characteristics of. an antibody obtained from 
the ceO line having ATCC accession number HB X This 
cell One was placed on deposit for 30 years at the Amer- 
ican Type Culture Collection (ATCC) in Rockville, Mar- 
yland prior to June 1, 1989. 

Methods of Producing and Characterizing Monoclonal 
Antibodies 

The general method used for production of hybrid- 
omas secreting monoclonal antibodies is well known 
(Kohler. etaL, European J. /mm, 6:292. 197B). Briefly. 
BALB/c mice were immunized with human splenic ad- 
herent cells and later boosted with the same type of 
cells. After 4 days, the animals were sacrificed and the 
spleen cells fused with mouse myeloma P3X65 Ag8. 
Hybridomas were screened tor antibody production and 
positive clones were tested for reactivity towards human 
spleen tissue sections. 

The present invention is directed lo monoclonal an- 
tibodies, and hybridomas which produce them, which 
are reactive with the leukocyte adhesion receptor p- 
chain. 

The isolation of hybridomas secreting monoclonal 
antibodies with the reactivity of the monoclonal antibod- 
ies of the invention can be accomplished using routine 
screening techniques to determine the elementary re- 
action pattern of the monoclonal antibody of interest. 
Thus, if a monoclonal antibody being tested reacts with 
the leukocyte adhesion receptor p-chain such that inter- 
cellular adhesion is suppressed, then the antibody being 
tested and the antibody produced by the hybridomas of 
the invention are equivalent. 

Alternatively, it is possible lo evaluate, without un- 
due experimentation, a monoclonal antibody to deter- 
mine whether it has the same specificity as monoclonal 
antibody H52 of the invention by determining whether 
the monoclonal antibody being tested prevents H52 
from binding to a particular antigen, for example the 
LFA-1 receptor with which H52 is normally reactive. If 
the monoclonal antibody being tested competes with 
H52, as shown by a decrease in binding by H52, then it 
is likely that the two monoclonal antibodies bind to the 
same epitope. 

Still another way to determine whether a mono- 
clonal antibody has the specificity of H52 is to pre-mcu- 
bate H52 with an antigen with which it is normally reac- 
tive (for example, LFA-1 receptor), and determine if the 
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monoclonal antibody being tested is inhibited in its abil- 
ity to bind the antigen. If the monoclonal ant foody being 
tested is inhibited then, in all likelihood, it has the same 
epitopic specificity as the monoclonal antibody of the in- 
s vention. 

While the in vivo use of a monoclonal antibody from 
a foreign donor species in a different host recipient spe- 
cies is usually uncomplicated, a potential problem which 
may arise is the appearance of an adverse immunolog- 
ic ical response by the host to antigenic determinants 
present on the donor antibody. In some instances, this 
adverse response can be so severe as to curtail the in 
vivo use of the donor antibody in the host. Further, the 
adverse host response may serve to hinder the intercel- 

rs lular adhesion-suppressing efficacy of the donor anti- 
body. One way in which ft is possible to circumvent the 
likelihood ol an adverse immune response occurring in 
the host is by using chimeric antibodies (Sun. et at., Hy- 
brktoma, 5 (Supplement 1) :S17. 1986; Oi, ef at, Bio 

20 Techniques, 4[3J: 214. 1986). Chimeric antibodies are 
antibodies in which the various domains of the anttood- 
ies' heavy and fight chains are coded for by DNA from 
more than one species. Typically, a chimeric antibody 
will comprise the variable domains of the heavy (V H ) and 

2S light (V L ) chains derived from the donor species produc- 
ing the antibody of desired antigenic specificity, and the 
variable domains of the heavy [C^ and light (CJ chains 
derived from the host recipient species. It is believed 
that by reducing the exposure of the host immune sys- 

30 tern to the antigenic determinants of the donor antibody 
domains, especially those in the C H region, the possi- 
bility of an adverse immunological response occurring 
in the recipient species will be reduced. Thus, for exam- 
ple, it is possible to produce a chimeric antibody for in 

35 vivo clinical use in humans which comprises mouse V H 
and V L domains coded for by DNA isolated from ATCC 
HB X. and C H and Cl domains coded for with DNA iso- 
lated from a human leukocyte. 

Under certain circumstances, monoclonal antfood- 

*o ies of one isotype might be more preferable than those 
of another in terms of their diagnostic or therapeutic ef- 
ficacy. For example, from studies on antibody -mediated 
cytofysis, it is known that unmodified mouse monoclonal 
antibodies of isotype gamma-2a and gamme-3 are gen- 

<5 e rally more effective in fysing target cells than are anti- 
bodies of the gamma-1 isotype. This differential efficacy 
is thought to be due to the ability of the gamma-2a and 
gamma-3 tsotypes to more actively participate in the cy- 
tolytic destruction of target cells. Particular isotypes of 

so a monoclonal antibody can be prepared either directly, 
by selecting from the initial fusion, or prepared second- 
arily, from a parental hybridoma secreting a monoclonal 
antibody of different isotype by using the sib selection 
technique to isolate class-switch variants (Steptewski. 

ss et a/. , Proceedings of the National academy oi Science, 
U. S. A. 82:8653. 1985; Spira. etal. Journal of Immuno- 
logical Methods, 74:307, 1984). Thus, the monoclonal 
antibodies of the invention would include class-switch 
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variants having the specificity of monoclonal ant body 
H52 which is produced by ATCC HB X. 

When the monoclonal antibodies of the invention 
are used in the form of fragments, such as. for example, 
Fab and Ffab'^, and especially when these fragments 
are therapeutically labeled, any isotype can be used 
since amelioration of the immune response disorders in 
these situations is not dependent upon complement* 
mediated cytolytic destruction of those cells bearing the 
leukocyte adhesion receptor. 

The term "immune response mediated disorder* de- 
notes disorders in which the hosts' immune system con- 
trfoutes to the disease condition either directly or indi- 
rectly. Examples of disorders which are mediated by the 
immune response includes AIDS, autoimmune disease, 
and graft rejection. As used herein, graft rejection en- 
compasses both host versus graft and graft versus host 
rejection. 

The monoclonal antibodies of the invention can be 
used in any animal in which it is desirable to administer 
in vitro or in vivo immunodiagnosis or immunotherapy. 
The term "animal* as used herein is meant to include 
both humans as well as non-humans. 

The term "antibody* as used in this invention is 
meant to include intact molecules as well as fragments 
thereof, such as, for example, Fab and Ffab'^, which 
are capable of binding the epitopic determinant. 

DIAGNOSTIC USES 

The monoclonal antibodies of the invention are suit- 
ed for use in immunoassays in which they can be utilized 
in liquid phase or bound to a solid phase carrier. In ad- 
dition, the monoclonal antibodies in these immu- 
noassays can be detectabry labeled in various ways. Ex- 
amples of types of immunoassays which can utilize 
monoclonal antibodies of the invention are competitive 
and non -competitive immunoassays in either a direct or 
indirect format. Examples of such immunoassays are 
the radioimmunoassay (RIA) and the sandwich (immu- 
nometric) assay. Detection of the antigens using the 
monoclonal antibodies of the invention can be done uti- 
lizing immunoassays which are run in either the forward, 
reverse, or simultaneous modes, including immunohts- 
tochemical assays on physiological samples. 

The monoclonal antibodies of the invention can be 
bound to many different carriers and used to detect the 
presence of leukocyte adhesion factor. Examples of 
wen-known carriers include glass, polystyrene, polypro- 
pylene, polyethylene, dextran, nylon, amylases, natural 
and modified celluloses, polyacrylamides, agaroses 
and magnetite. The nature of the carrier can be either 
soluble or insoluble for purposes of the invention. Those 
skilled in the art will know of other suitable carriers for 
binding monoclonal antibodies, or will be able to ascer- 
tain such, using routine experimentation. 

There are many different labels and methods of la- 
beling known to those of ordinary skill in the art. Exam- 



ples of the types of labels which can be used in the 
present invention include enzymes, radioisotopes, fluo- 
rescent compounds, chemiluminescent compounds, 
and biolumtnescent compounds. Those of ordinary skill 
s in the art will know of other suitable labels for binding to 
the monoclonal antibody, or wiD be able to ascertain 
such, using routine experimentation. Furthermore, the 
binding of these labels to the monoclonal antibody of the 
invention can be done usrig standard techniques com- 
mon to those of ordinary skill in the art. 

For purposes of the invention, the leukocyte adhe- 
sion factor p -chain which is detected by the monoclonal 
antibodies of the invention may be present in biological 
fluids and tissues. Any sample containing a detectable 
amount of leukocyte adhesion factor p -chain can be 
used. Normally, a sample is a liquid such as urine, sali- 
va, cerebrospinal fluid, blood, serum and the like, or a 
solid or semi-solid such as tissues, feces, and (he like. 

Another technique which may also result in greater 
sensitivity consists of coupling the antibodies to low mo- 
lecular weight haptens. These haptens can then be spe- 
cifically detected by means of a second reaction. For 
example, it is common to use such haptens as bioiin, 
which reacts with avtdin, or dinitrophenyl, pyridoxal, and 
fluorescein, which can react with specific anti-hapten 
antibodies. 

As used in this invention, the term 'epitope' is 
meant to include any determinant capable of specific in- 
teraction with the monoclonal antibodies of the inven- 
tion. Epitopic determinants usually consist of chemically 
active surface groupings of molecules such as amino 
acids or sugar side chains and usually have specific 
three dimensional structural characteristics, as well as 
specific charge characteristics. 

In using the monoclonal antibodies of the invention 
for the in vivo detection of antigen, the detectabty la- 
beled monoclonal antibody is given in a dose which is 
diagnostically effective. The term 'diagnosticaHy effec- 
tive' means that the amount of detectabty labeled mon- 
oclonal antibody is administered in sufficient quantity to 
enable detection of the site having the leukocyte adhe- 
sion receptor p-chain for which the monoclonal antibod- 
ies are specific. 

The concentration of detectably labeled mono- 
clonal antibody which is administered should be suffi- 
cient such that the binding to those cells having leuko- 
cyte adhesion receptor is detectable compared to the 
background 6ignal. Further, it is desirable that the de- 
tectably labeled monoclonal antibody be rapidly cleared 
from the circulatory system in order to gfve the best tar- 
get-to-background signal ratio. 

As a rule, the dosage of detectabty labeled mono- 
clonal antbody for in vivo diagnosis will vary depending 
on such factors as age, sex and extent of disease of the 
individual. The dosage of monoclonal antibody can vary 
from about 0.01 mo/m 2 to about 20 mg/im 2 , preferably 
about 0. 1 mg/rri 2 to about lOmg/m 2 . 

For in vivo diagnostic imaging, the type of detection 
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instrument available is a major factor in selecting a given 
radioisotope. The radioisotope chosen must have a type 
of decay which is detectable for a given type of instru- 
ment. Still another important lactor in selecting a radio- 
isotope for in vivo diagnosis is that the hatf-life ol the 
radioisotope be long enough so that it is still detectable 
at the time of maximum uptake by the target, but short 
enough so that deleterious radiation with respect to the 
host is minimized. Ideally, a radioisotope used for in vivo 
imaging will lack a particle emission, but produce a large 
number of photons in the 1 40-250 keV range, which may 
be readily detected by conventional gamma cameras. 

For in vivo diagnosis radioisotopes may be bound 
to tmmunoglobin either directly or indirectly by using an 
Intermediate functional group. Intermediate functional 
groups which often are used to bind radioisotopes which 
exist as metallic ions to trnmunogtobins are the bifunc- 
tional chelating agents such as dielhylenetri- 
aminepentacetic acid (DTPA) and ethylenediamine- 
tetraacelic acid (EDTA) and simitar molecules. 

The monoclonal antibodies of the invention can also 
be labeled with a paramagnetic isotope for purposes of 
in vivo diagnosis, as in magnetic resonance imaging 
(MRI) or electron spin resonance (ESR). In general, any 
conventional method for visualizing diagnostic imaging 
can be utilized. Usually gamma and positron emitting 
radioisotopes are used for camera imaging and para- 
magnetic isotopes for MRI. 

The monoclonal antibodies of the invention can be 
used to monitor the course of amelioration of an immune 
response mediated disorder in an individual. Thus, by 
measuring the increase or decrease in the number of 
leukocytes or changes in the concentration of antigen 
shed into various body fluids, it would be possible to de- 
termine whether a particular therapeutic regimen aimed 
at ameliorating the immune response mediated disorder 
is effective. 

THERAPEUTIC USES 

The term 'ameliorate* denotes a lessening of the 
detrimental affect ol the immune response mediated 
disorder in the animal receiving therapy. The term "ther* 
apeutically effective' means that the amount of mono- 
clonal antibody used is of sufficient quantity to amelio- 
rate the cause of disease due to the immune response. 

The monoclonal antibodies of the invention can also 
be used for immunotherapy in an animal having an im- 
mune response mediated disorder caused by leuko- 
cytes which express leukocyte adhesion receptor p- 
chain with epitopes reactive with the monoclonal anti- 
bodies of the invention. When used in this manner, the 
dosage of monoclonal antibody can vary from about 10 
mg/m 2 to about 2000 mg/m 2 . 

When used for immunotherapy, the monoclonal an- 
tibodies ol the invention may be unlabeled or labeled 
with a therapeutic agent These agents can be coupled 
either directly or indirectly to the monoclonal antibodies 



of the invention. One example of indirect coupling is by 
use of a spacer moiety. These spacer moieties, in turn, 
can be either insoluble or soluble {Dtener. ef ai, Sci- 
ence, 231:148. 1386) and can be selected to enable 

s drug release from the monoclonal antibody molecule at 
the target site. Examples of therapeutic agents which 
can be coupled to the monoclonal antibodies of the in- 
vention for immunotherapy are drugs, radioisotopes, 
lectins, and toxins. 

io The drugs with which can be conjugated to the mon- 
oclonal antibodies of the invention include compounds 
which are classically referred to as drugs such as for 
example, mitomycin C, daunorubicin, and vinblastine. 
In using radioisolopically conjugated monoclonal 

is antibodies of the invention for immunotherapy certain 
tsotypes may be more preferable than others depending 
on such factors as leukocyte distribution as well as iso- 
type stability and emission. If desired, the leukocyte dis- 
tribution can be evaluated by the in vivo diagnostic tech- 
no ntques described above. Depending on the immune re- 
sponse mediated disorder some emitters may be pref- 
erable to other. In general, alpha and beta particle-emit- 
ting radioisotopes are preferred in immunotherapy. Pre- 
ferred are short range, high energy alpha emitters such 

ss as 212 Bi. Examples of radioisotopes which can be 
bound to the monoclonal antibodies of the invention for 
therapeutic purposes are l2£ l, 131 l, »y, 67 Cu, * Z W, 
2" At, z^Pb, < 7 Sc. iw Pd artd i88Re. 

Lectins are proteins, usually isolated from plant ma- 

30 terial, which bind to specific sugar moieties. Many 
lectins are also able to agglutinate cells and stimulate 
lymphocytes. However, ricin is a toxic lectin which has 
been used irnmunotherapeutically. This is accom- 
plished by binding the atpha-peptkJe chain of ricin, which 

35 is responstole for toxicity, to the antibody molecule to 
enable site specific delivery of the toxic effect 

Toxins are poisonous substances produced by 
plants, animals, or microorganisms that, in sufficient 
dose, are often lethal. Diphtheria toxin is a substance 

*o produced by Corynebacterium diphtheria which can be 
used therapeutically. This toxin consists of an alpha and 
beta subunit which under proper conditions can be sep- 
arated. The toxic A component can be bound to an an- 
tibody and used for site specific delivery to a leukocyte 

*s expressing leukocyte adhesion factor (J -chain for which 
the monoclonal antibodies of the invention are specific. 

Other therapeutic agents which can be coupled to 
the monoclonal antbodles of the invention are known, 
or can be easily ascertained, by those of ordinary skill 

so in the art. 

The dosage ranges for the administration of the 
monoclonal antibodies of the invention are those large 
enough to produce the desired effect in which the symp- 
toms ol the immune response mediated disorder are 

& ameliorated. The dosage should not be so large as to 
cause adverse side effects, such as unwanted cross- 
reactions, anaphylactic reactions, and the like. Gener- 
ally, the dosage will vary with the age, condition, sex and 
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extent of the disease in the patient and can be deter- 
mined by one of stall in the art. The dosage can be ad- 
justed by the individual physician in the event of any 
counterindications. Dosage can vary from about 0.1 mg/ 
m 2 to about 2000 mg/m 2 . preferably about 0. 1 mg/m 2 to 
about 500 mg/rr^/dose. in one or more dose adminis- 
trations dairy, for one or several days. 

Generally, when the monoclonal antibodies of the 
invention are administered conjugated with therapeutic 
agents lower dosages, as compared those used for in 
vivo immunodiagnostic imaging, can be used. 

The monoclonal antibodies of the invention can be 
administered parente rally by injection or by gradual per- 
fusion over time. The monoclonal antibodies of the in- 
vention can be administered int ravenously, intraperito- 
neal, intramuscularly, subcutaneously, intracavtty, or 
transdermal^. 

Preparations for parenteral administration include 
sterile aqueous or non-aqueous solutions, suspensions, 
and emulsions. Examples of non-aqueous solvents are 
propylene glycol, polyethylene glycol, vegetable oils 
such as olive oil, and injectable organic esters such as 
ethyl oleate. Aqueous carriers include water, alcoholic/ 
aqueous solutions, emulsions or suspensions, including 
saline and buffered media. Parenteral vehicles include 
sodium chloride solution, Ringer's dextrose, dextrose 
and sodium chloride, lactated Ringer's, or fixed oils. In- 
travenous vehicles include fluid and nutrient replenish- 
es, electrolyte replenishes (such as those based on 
Ringer's dextrose), and the like. Preservatives and other 
additives may also be present such as, lor example, an- 
timicrobials, anli-oxidants, chelating agents, and inert 
gases and the like. 

The invention also relates to a method for preparing 
a medicament or pharmaceutical composition compris- 
ing the monoclonal antibodies of the invention, the med- 
icament being used for therapy of immune response 
mediated disorders due to leukocytes expressing leu- 
kocyte adhesion receptor fi-chain reactive with the mon- 
oclonal antibodies of the invention. 

The above disclosure generally describes the 
present invention. A more complete understanding can 
be obtained by reference to the following specific exam- 
ples which are provided herein for purposes of illustra- 
tion only, and are not intended to limit the scope of the 
invention. 

EXAMPLE 1 

PREPARATION OF ANTIADHESION MONOCLONAL 
FACTOR ANTIBODIES 

Female BaTb/c mice (6 to 8 weeks old] were injected 
intraperitonealry with 10 7 human splenic adherent celts 
in phosphate buffered saline. This treatment was re- 
peated after 1 4 days and again after 21 days. Four days 
after the final injection the spleen was removed from one 
of the immunized mice and a single cell suspension pre- 



pared. The splenic cells were fused to Batb/c derived 
P3 X 653. Ag8 myeloma cells with 50% polyethylene gly- 
col after the method of Kohlerand Milstein (Nature:256: 
495. 1976). After establishing growing hybridoma coto- 

s nies, supernatants from these cells were tested for an- 
tibodies against human antigens by tmmunohistochem- 
tstry on cryostat sections (4 u) of frozen human spleens 
fAtejem, et al, J. Immun. Meth, 50:145. 1982). H52 
(H52.GI.2) was selected for cloning and re-cloning by 

to immunohistochemistry, radioimmunoassays on human 
cells, and by radk>immunoprecipitation from human 
cells. 



MONOCLONAL ANTIBODY 

The effect of mAb on the fusion of BE 5 cells to PHA- 
blasts was determined in a syncytium formation assay. 
The 8E5 and A3.01 cell lines were maintained in com- 
plete medium (RPMI-1 640 supplemented with 10% FBS 
(HyClone) and 10 mM HEPES). The 8E5 cell line is a 
surviving clone of A. 301 cells infected with LAV. 8E5 
cells carry a single copy of the entire LAV genome but 
produce non-infectious virus particles due to a point mu- 
tation in the reverse transcriptase gene. BE5 cells ex- 
press HIV envelope glycoproteins and when mixed with 
CD4-positive PHA-blasts and T cell lines produce cyto- 
pathic elfects identical to those observed in cultures of 
T cells infected with wild-type virus. 

PHA-blasts were generated by incubating peripher- 
al blood mononuclear cells for 3 days in the presence 
of PHA (Wellcome Diagnostics) at a concentration of 
0.25 up/ml in complete medium. Cells were washed 3 
times with PBS and re-suspended in complete medium 
at a density of 5 X lOfyml. MAb were used in the form 
of purified IgG at a concentration of 25 ng/ml. PHA- 
blasts were mixed with an equal volume (30 uJ) of mon- 
oclonal antibody or medium in the wells of had -area 
96- we II plates (Costar) and incubated for 30 minutes at 
2S*C. Thirty uJ of 8E5 cells were then added followed 
by incubation for 10 hr al 37°C in a humidified CO^ in* 
cubator. Control wells consisted of PHA-blasts incubat- 
ed with an equal number of uninfected A.301 cells. In 
the assay, syncytia or balloon cells consisting of 10 to 
50 or more fused cells form wfthin 4 and 1 0 hours after 
mixing 8E5 cells with PHA blasts and CD4* Tcell lines, 
respectively. Continued incubation results in rapid syn- 
cytia death as determined by vital dye exclusion. 

To determine their effect on HlV-med'ated cell fu- 
sion mAb against human leukocyte antigens were add- 
ed to co-cultures of PHA-blasts and 8E5 cells. The mAb 
tested were: H52, anti-CD18 (LFA-1 p); MHM.24, anti- 
CDIIa (LFA-1 a); H5A4, anti-CD11b (Mac-1 a); H5A5, 
anti-CD45 (leukocyte common antigen); MHM 5, anth 
HLA-A.B.C; Leu 3a, anti-CD4. All antibodies are IgGl ,k 
tsotype. 
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As shown in Fig. 1 , H52, against an epitope on the 
p-submit of LFA-1 (CD 18), completely inhfoited syncy- 
tium formation. Fusion was also blocked by a mAb 
(MHM.24) against the a-subunit of LFA-1 (CD11a). 
However, the mAb MHM.24 was less effective than mAb 
H52 since very small syncytia were rarefy observed. 
H5A4, a mAb against a different member of the LAR 
family, Mac-1 (complement receptor type-3; CD11b), 
had no effect on the fusion of 8ES cells to the PHA 
blasts. Also, fusion was not affected by two mAb recog- 
nizing unrelated cell surface proteins: MHM.5. anti-HLA- 
A,B,C, and H5A5, anti-leukocyte common antigen 
(CD45). Since these two antigens are expressed at 
equal or higher densities than LAR on PHA blasts, the 
failure of the latter two antibodies to block fusion sug- 
gests that inhibition by anti-LAR antibodies was not due 
to a non-specific steric effect. Leu 3a, a mAb against 
CD4, which has been previously shown to block binding 
of gp120 to CD4, completely inhibited I us ton of 8E5 to 
PHA-blasts (Fig. 1). Inhibition of fusion by Leu3a and 
the absence of fusion between the PHA-blasts and un- 
infected A.301 cells (Fig. 1, control) confirmed that the 
fusion was mediated by HIV. A number of commercially 
available mAb against gpl20 failed to inhibit fusion in 
the assay system. PHA-blasts and the 8E5 cells formed 
very targe aggregates within 1 hr of mixing in the syn- 
cytium assay. These aggregates were completely inhib- 
ited by H52, MHM.24, and Leu3a, but not by the other 
mAb. The Inhibition of syncytium formation by mAb H52 
was observed whether the PHA blasts were mixed with 
8E5 cells infected with the mutant virus or the CEM T 
cell line infected with wild type HIV (HTLV-IIIB). 

EXAMPLE 3 

INHIBITION OF SYNCYTIUM FORMATION BY H52 

PHA-blasts, generated as described in Example 1 , 
were incubated with various concentrations of purified 
H52 or PLM-2 IgG before adding BE 5 cells. PLM-2 is an 
IgGl.k mAb against CD18 which does not inhibit LFA- 
1 -mediated functions. The assay was carried out exactly 
as described in Example 1 . Syncytia were counted on 
an inverted microscope using a low power objective 
(40X) after adding trypan blue (0.1%). Data shown in 
Fig. 2 are the mean syncytia count/10 6 8E5 cells of du- 
plicate wells. 

The H52 mAb blocked 8E5-PHA-btast fusion in a 
dose-dependent manner with complete inhibition ob- 
served at concentrations above 3 u.g/ml (Fig. 2). The in- 
hibition of LFA-1 -mediated lymphocyte adhesion func- 
tions by mAb H52 shows a very similar dose-depend- 
ency. PLM-2, a mAb against a CD18 epitope not asso- 
ciated with LFA-1 adhesion functions, did not affect fu- 
sion at any concentration (Fig. 2). 

Studies were also done to determine the level at 
which fusion was blocked by H52. PHA-blasts and 8E5 
cells (2.5 x 10 6 ) were incubated for 1 hr on ice in 0.5 ml 



of complete medium alone or complete medium contain- 
ing purified H52 or PLM-2 IgG at 25u.g/ml. After pelleting 
the cells, unbound mAb was removed by washing 2 
times with 10 ml of PBS. The ant Ebody -coated PHA 

s blasts, and 8E5 cells were then resuspended in com- 
plete medium and mixed with uncoated 8E5 cells and 
PHA blasts, respectively, followed by incubation at 37° C 
for 10 hr as described in Example 1 . Syncytia formation 
was scored as described above. 

to Previous studies have shown that inhibition of lym- 
phocyte interactions by anti-LFA-1 antibodies is a uni- 
directional effect even when both cell types express 
LFA-1. To determine if the effect of anti-LFA-1 mAb on 
syncytium formation was also unidirectional, LFA-1 ex- 

is pression was analyzed by flow cytometry. Both BE5 cells 
and PHA-blasts expressed LFA-1 , although the expres- 
sion on 8E5 was substantially less than on the blasts. 

Each celt lype was pre-coated with mAb H52 or the 
control mAb PLM-2 and washed to remove unbound 

zo mAb before assaying syncytium formation. Pre-coating 
PHA-blasts with H52 resulted in near complete inhibition 
of fusion while similar treatment of the 8E5 cells had no 
effect (Fig. 3). Fusion was not affected by pre-coating 
either the PHA-blasts or the 8E5 cells with the control 

2S mAb. This result showed that the anti-LFA-1 antibody 
blocked fusion at the level of the PHA-blast and not the 
HIV-infected 8E5 cells. This suggests that LAR on the 
CD4* cells interacted with a ligand expressed on 8E5 
cells. 

30 

EXAMPLE 4 

INHIBITION OF HIV gp120 BINDING BY H52 

35 Non-specific agents such as dextran sulfate that 
block the interaction of HIV envelope glycoprotein 
gpl20 with CD4 by steric effects are known to inhibit 
HIV-mediatsd cell-cell fusion. Consequently, the binding 
of mAb H52 to LFA-1 on the surface of CD4* -cells was 

*o tested to determine whether H52 interfered with the 
binding of gp1 20 to CD4. 

Topurily gp120, HIV was pelleted (110.000 x g, 1 .5 
hr) from culture supematants of infected PHA-blasts 
cells and washed once with PBS. The virus was resus- 

*s pended in PBS and vortexed vigorously to shear off 
gp120, followed by centrrfugation at 110,000 x g. The 
resulting supernatant was concentrated using a 30,000 
daft on cut-off Centricon fitter. The retained proteins, 
which consisted primarily of gp120 and bovine serum 

so albumin (BSA; 10 to 30%), were radioiodinated using 
the standard chtoramine-T method. The labeled pro- 
teins (2 to 5 (iCi/g) were diluted in PBS containing a high 
concentration of BSA (2%) to eliminate binding of 1£5 I- 
BSA. CD4+-CEM cells (5 x 10 s ) were pretncubated with 

« Leu3a, H52, and PLM-2 mAb at 25 g/ml in complete me- 
dium (see Example 1 ) before adding 50 ng of radioiod- 
inated gp120. Following a 1 hr incubation at 0°C the 
cells were washed twice and bound radiolabel meas- 
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ured. Background binding was determined by preincu- 
bating colls with a 200-fold excess ol unlabeled gpl 20. 
Consistent with previous findings, cells pre-coated with 
the Leu3a mAb (anti-CD4) did not bind gp1 20 (Fig. 4). 
In contrast, pre-coating cells with either mAb H52 or the 
control mAb PLM-2 had no inhibitory effect on the bind- 
ing of gpl 20. This result demonstrated that inhibition of 
syncytium formation by mAb H52 was not due to inter- 
ference with HIV receptor function since binding of 
gpl 20 to CD4 was not blocked by this mAb. 

The invention now being fully described, it will be 
apparent to one of ordinary skill in the art that many 
changes and modifications can be made without depart- 
ing from the spirit or scope of the invention. 



Claim* 

1. A continuous hybridoma cell line which secretes 
monoclonal antibodies with the binding specificity 
of the H52 monoclonal antibody which is secreted 
by hybridoma cell line ATCC HB 10160. 

2. The hybridoma of claim 1 which is ATCC HB 10160 
and its isotype switch variants. 

3. A monoclonal antibody which binds to leukocyte ad- 
hesion receptor p-chain. wherein the monoclonal 
antibody inhibits intercellular leukocyte adhesion 
and binds to the epitope on the leukocyte adhesion 
receptor p-chain to which monoclonal anttoody H52 
(secreted by hybridoma cell line ATCC HB 10160) 
binds. 

4. The monoclonal antibody of claim 3 which is mon- 
oclonal antibody H52. 

5. The monoclonal antibody of claim 3 or claim 4 which 
is chimeric. 

6. The monoclonal antibody of any one of claims 3 to 
5 which is in the form of an antibody fragment. 

7. The monoclonal antibody of claim 6 whe rein the an- 
tibody fragment is a Fab or F(ab') 2 fragment. 

B. The monoclonal antibody of claim 3 wherein the leu- 
kocyte adhesion receptor is selected from the group 
consisting of LFA-1, Mac-1 and Leu MS. 

9. Monoclonal antibody of any of claims 3 to 6 for use 
in ameliorating an immune response mediated dis- 
order in an animal. 

10. Monoclonal antibody of claim 9 for use in the treat- 
ment of AIDS. 

11. Monoclonal antibody of claim 9 for use in the treat- 



ment of autoimmune disease. 

1 2. Monoclonal antibody of claim 9 for use in the treat- 
ment of graft rejection. 

5 

13. Monoclonal antibody of claim 9 which is parenter- 
ally administered. 

14. Monoclonal antibody of claim 13 which is adminis- 
io tered by subcutaneous, intramuscular, intraperito- 
neal, intra cavity, transdermal, or intravenous injec- 
tion.' 

15. Monoclonal antibody of claim 9 which is adminis- 
1$ teredata dosage of about 0.01 mg/kg/dose to about 

2000 mg/kg/dose. 

16. Monoclonal antibody of claim 9 which is therapeu- 
tically labeled. 

20 

17. Monoclonal antibody of claim 16 wherein the ther- 
apeutic label is selected from the group consisting 
of a radioisotope, a drug, a lectin, and a toxin. 

18. A method of detecting leukocyte adhesion receptor 
which comprises contacting a source suspected of 
containing the receptor with a diagnosttcalfy effec- 
tive amount of detectably labeled H52 (ATCC HB 
10160) monoclonal antibody, or fragment thereof, 

so and determining whether the anttoody binds to the 
source. 

19. The method of claim 16 wherein the detectable la- 
bel is selected from the group consisting of a radi- 
os oisotope, a fluorescent compound, a colloidal met- 
al, a chemiluminescent compound, a biolu mines- 
cent compound and an enzyme. 

20. Detectably labeled H52 (ATCC HB 10160] mono- 
-«> clonal antibody, or fragment thereof, for use m the 

detection of leukocyte adhesion receptor. 

21. Monoclonal antibody of claim 20 wherein the de- 
lectable label is selected from the group consisting 

45 of a radioisotope and a paramagnetic label. 

22. Pharmaceutical composition comprising a mono- 
clonat antibody according to any one of claims 3 to 
8. optionally in combination with a pharmaceutically 

so acceptable carrier. 

23. A method for the preparation of the monoclonal an- 
tibody according to any one of claims 3 to 17 and 
20 to 21 which comprises culturing a hybridoma cell 

55 Une according to claim 1 or a corresponding cell line 
and isolating the desired monoclonal anttoody, op- 
tionally followed by the fragmenting and/or labeling 
of the antibody. 
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Patentanspruehe 

1. Kontinuiertiche Hybridomzeliinie, die monoclonale 
Antikorper mil der Bindungsspezifitat des moooclo- 
nalen Antikorpers H52 sezerniert, der von der Hy- 
brldomzeinnie ATCC HB 10160 sezerniert wird. 

2. Hybridom nach Anspruch 1, das ATCC HB 10160 
ist und seine Isotyp-Klassensprungvarianten. 

3. Monoclonaler Antikorper, der an die B-Kette des 
Leukocyten-Adhasionsrezeptors bindet. wobei der 
monoclonale Anlikorper die interzeltulare Leuko- 
cyten-Adhasion tnhtbiert und an das Epitop auf der 
(1- Kelts des Leukocyten-Adhasionsrezeptors bin- 
det, an welches der monoclonale Anlikorper H52 
(sezerniert von der Hybridomzellinie ATCC HB 
10160) bindet. 

4. Monoctonaler Antikorper nach Anspruch 3, der der 
monoclonale Anlikorper H52 ist 

5. Monoclonaler Antikorper nach Anspruch 3 oder An- 
spruch 4, der sine Chimare ist. 

6. Monoclonaler Antikorper nach einem der AnsprO- 
che 3 bis 5, der in der Form eines Antikcrperfrag- 
mentes vorliegt. 

7. Monoclonaler Antikorper nach Anspruch 6, wobei 
das Antikorperf ragment etn Fab- oder FtabV^rag- 
ment ist. 

8. Monoclonaler Antikorper nach Anspruch 3, wobei 
der Leukocyten-Adhasionsrezeptor ausgewahlt ist 
aus LFA-1, Mac-1 und Leu MS. 

9. Monoclonaler Antikorper nach einem der AnsprO- 
che 3 bis 8 zur Verwendung in der Verbesserung 
einer Immunantwortvermittelten Storung in einem 
Tier. 

10. Monoclonaler Antikorper nach Anspruch 9 zur Ver- 
wendung in der Behandung von AIDS. 

11. Monoclonaler Antikorper nach Anspruch 9 zur Ver- 
wendung En der Behandlung einer Autoimmun- 
krankheit. 

12. Monoclonaler Antikorper nach Anspruch 9 zur Ver- 
wendung in der Behandlung.einer Transplantatab- 
stoGung. 

13. Monoclonaler Antikorper nach Anspruch 9, der par- 
enteral verabreicht wird. 

14. Monoclonaler Antikorper nach Anspruch 13, der 
durch subkutane, tntramuskulare, intraperitoneal©, 



intrakavitare, perfcutane oder tntravenose Injektion 
verabreichl wird. 

15. Monoclonaler Antikorper nach Anspruch 9, der in 
s einer Dos ie rung von etwa 0,01 mg/kg/Dosis bis et- 

wa 2000 mg/kg/Dosis verabreicht wird. 

1 6. Monoclonaler Antikorper nach Anspruch 9, der the- 
rapeulisch markiert ist. 

TO 

17. Monoclonaler Antikorper nach Anspruch 16. wobei 
der therapeutische Marker ausgewahlt 1st aus der 
Gruppe Radioisotop. Arzneistoff, Lectin und Toxin. 

is 18. Verfahren zum Nach wets von Leukocyten-Adhasi- 
onsrezeptoren, umfassend das Inkontaktbringen 
etner Quelle, von der man annimmt. daO sie den 
Rezeptor enthalt, mit einer diagnostisch wirksamen 
Menge des nachweisbar markierlen monoclonalen 

zo Antikorpers H52 (ATCC HB 10160), oder eines 
Fragments da von und die Bestimmung, ob der An- 
tikorper an die Quelle bindet. 

19. Verfahren nach Anspruch 18, wobei der nachweis- 
& bare Marker ausgewahlt ist aus einem Radioisotop, 

einer fluoreszierenden Verbindung. einem kolloida- 
fen Metall, einer chemilumineszierenden Verbin- 
dung, einer biolumineszierenden Verbindung und 
einem Enzym. 

30 

20. Nachweisbar markierter monoclonaler Antikorper 
H52 (ATCC HB 10160), oder ein Fragment davon 
zur Verwendung beim Nachwets eines Leukocyten- 
Adhasionsrezeptors. 

35 

21 . Monoclonaler Antikorper nach Anspruch 20, wobei 
der nachweisbare Marker ausgewahlt ist aus einem 
Radioisotop und einem paramagnetischen Marker. 

40 22. Arzneimittel, umfassend etnen monoclonalen Anti- 
korper nach einem der Anspruche 3 bis 8, gegebe- 
nentalls in Kombinatkxi mit einem pharmazeutisoh 
vertragtichen Trager. 

4$ 23. Verlahren zur Herstellung des monoclonalen Anti- 
korpers nach einem der Anspruche 3 bis 17 und 20 
bis 21 , umfassend das ZOchten einer Hybridomzel- 
linie nach Anspruch 1 oder etner entsprechenden 
ZeNtnie und das Isolieren des gewunschten rnono- 

so clonalen Antikorpers, gegebenenfalls gefolgt von 
der Fragmentterung und/oder Markierung des Anti- 
korpers. 



1. Ltgnee cellutaire dTiybridome continue qui secrete 
des ant corps monodonaux avec la specificity de 
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liaison da fanticorps monoclonal H52 qui est secre- 
t6 par la lignee celtutaire d*hybridome ATCC HB 
10160. 

2- Hybridome suivant la revendication 1 , qui est ATCC 
HB 10160 et ses variants par commutation tfisoty- 

3. Anticorps monoclonal qui se lie a ta chatne beta de 
recepteurs cfadherence de leucocytes, dans lequel 
rant corps monoclonal inhibe I'adh^rence tntercel- 
lulaire des leucocytes et se lie a I'cpitope sur la chai- 
ns beta de recepteurs tfadherence de leucocytes 
auquel se lie Fanticorps monoclonal H52 (secrete 
par la lignee cellulaire tfhybridome ATCC HB 
10160). 

4. Anticorps monoclonal suivant la revendication 3, 
qui est Tanticorps monoclonal H52. 

5. Anticorps monoclonal suivant les revendications 3 
ou 4, qui est chimerique. 

6. Anticorps monoclonal suivant rune quelconque des 
revendications 3 a 5, qui est sous la lorme d'un frag- 
ment cfanticorps. 

7. Anticorps monoclonal suivant la revendication 6, 
dans lequel le fragment cfanticorps est un fragment 
Fab ou F(ab*)2. 

8. Anticorps monoclonal suivant la revendication 3, 
dans lequel te recepteur tfadherence de leucocytes 
est choisi dans le groupe consistent en LFA-1 , Mac- 
1 el Leu M5. 

0. Anticorps monoclonal suivant Pune quelconque des 
revendications 3 a 8, utile dans ramdlioration d'un 
trouble medio par une reponse immune chez I'ani- 
mat. 

10. Anticorps monoclonal suivant la revendication 9, 
utile dans le traitement du SI DA. 

11. Anticorps monoclonal suivant la revendication 9. 
utile dans le traitement de maladie auto-immune. 

12. Anticorps monoclonal suivant la revendication 9, 
utile dans le traitement de rejet de grafts. 

13. Anticorps monoclonal suivant la revendication 9, 
qui est administre par vote parenteral. 

14. Anticorps monoclonal suivant la revendication 13, 
qui est administre par injection sous-cutanee, intra* 
muscutaire, intrapentoneale, tntrecavite, transder- 
mique ou intraveineuse. 



15. Anticorps monoclonal suivant la revendication 9. 
qui est administre a raison cfenvtron 0,01 mg/kg/ 
dose a environ 2000 mg/kg/dose. 

& 16. Anticorps monoclonal suivant la revendication 9, 
qui est marque de facon therapeutique. 

17. Anticorps rnonoctonal suivant la revendication 16. 
dans lequel le marqueur therapeutique est choisi 

io dans le groupe consistant en un radioisotope, un 
medicament, une lectine et une toxine. 

18. Method© pour la detection d'un recepteur cfadhe- 
rence de leucocytes, qui comprend la mise en con- 

15 tact cfune source suspectee de contenir le recep- 
teur avec une quant ite efficace du point de vue dia- 
gnostique (fanticorps monoclonal H52 (ATCC 
HB10160) ou d*un fragment de celut-ci. marque de 
tacon a pouvoir etre delecte, et la determination de 

20 Texistence ou non cfune liaison de I'anticorps a la 
source. 

19. M6thode suivant la revendication 18, dans laquelle 
le marqueur detectable est choisi dans le groupe 

?5 consistant en un radioisotope, un compose fluores- 
cent, un metal colloidal, un compose chimiolumi- 
n ©scent, un compose bioluminescent et une enzy- 
me. 

30 20. Anticorps monoclonal H52 (ATCC HB 10160) ou 
fragment de celui-ci, marque de facon a pouvoir 
etre detecte, utile dans la detection de recepteur 
cfadherence de leucocytes. 

3$ 21. Anticorps monoclonal suivant la revendication 20, 
dans lequel le marqueur detectable est choisi dans 
le groupe consistant en un radioisotope et un mar- 
queur paramagnetique. 

22. Composition phamnaceutique comprenant un anti- 
corps monoclonal suivant rune quelconque des re- 
vendications 3 a 8, eventuellement en oombinaison 
avec un support acceptable du point de vue phar- 
maceutique. 

45 

23. Precede pour la preparation d'un anticorps mono- 
clonal suivant I'une quelconque des revendications 
3 a 17 et 20 a 21, qui comprend la culture cfune 
lignee cellulaire tfhybridome suivant la revendica- 

so tion 1 , ou cfune lignee cellulaire correspondante et 
riscHement de fanticorps monoclonal desird, survis 
eventuellement de ta fragmentation et/ou du mar- 
quage de fanticorps. 

55 
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